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INTRODUCTION
Non Alcoholic Fatty Liver Disease (NAFLD) is a prevailing cause of 
chronic liver disease globally with a prevalence outlined between 
6.7% to 55.1% which accounts for almost one third of the Indian 
population [1]. It is defined as an enhancement in liver fat content 
(more than or equal to 5%) due to sources other than imprudent 
alcohol intake excluding other aetiologies of liver diseases like viral 
hepatitis, autoimmune liver disease, haemochromatosis, Wilson’s 
disease, and drug-induced liver disease [2]. NAFLD amasses a 
series of histological varieties extending from elementary fatty liver 
(steatosis) to Nonalcoholic Steatohepatitis (NASH), which might 
advance to fibrosis, cirrhosis, and even Hepatocellular Carcinoma 
(HCC) [3]. 

Although the molecular backdrop and the intrinsic pathophysiology 
of NAFLD are not thoroughly acknowledged, the hepatic lipidome 
is considered a key role player in the development and progress of 
hepatic steatosis [4]. NAFLD is intimately connected to Metabolic 
Syndrome (MS) including obesity, hypertension, dyslipidaemia, 
Insulin Resistance (IR), and Diabetes Mellitus (DM) [5]. It is also 
conceivable that hyperinsulinaemia-driven de novo lipogenesis and 
increased influx of free fatty acid may contribute to the esterification 
and advancement of NAFLD [6]. According to available data, 
several global surveys of variants across the entire genome or 
coding region have enlightened the genetic component of NAFLD 
[7]. Therefore, to better understand this disease, which has become 
a global public health challenge owing to its increasing prevalence, 
and chronic hepatic and cardiovascular mortality, it is imperative 
to understand both environmental and genetic factors. Numerous 
studies with unique perspectives such as familial aggregation 
studies, Genome-wide Association Studies (GWAS), and exome-
wide association studies have been documented to explain the 
genetic credibility in NAFLD pathology [7-9]. 

A more intricate, yet explored outline is the knowledge of heritability 
assessment according to study design, ethnicity, and methodology 
used [9]. There is growing corroboration that several common 
naturally occurring variants in PNPLA3, TM6SF2, MBOAT7, GCKR, 
PPP1R3B, and LYPLAL1 genes, might regulate hepatic lipid 

metabolism, thus influencing NAFLD establishment [9,10]. With 
this background, the present review is an attempt to explore the 
contemporary evidence on the molecular aspect of NAFLD which 
might be of use to understanding the genetic risk of this relatively new 
pandemic disease. That apart, another perspective is to signify the 
importance of establishing NAFLD diagnosis apropos of chronic liver 
disease. Besides, the phenomenal improvement in the perception 
of the genetic risk of NAFLD extends an option to interpret this 
knowledge into clinical practice. Thus, it may be intended as part 
of an upcoming personalised management strategy, which is the 
need of the hour. 

GeNeTIC vARIANTs AssOCIATeD wITh 
NAFLD
Recent comprehension of the genetic underpinning of NAFLD 
elucidates the involvement of several naturally occurring variants 
such as PNPLA3, TM6SF2, MBOAT7, GCKR, LYPLAL1, and 
PPP1R3B genes in the evolution of the disease [Table/Fig-1] [11,12].
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ABsTRACT
Non Alcoholic Fatty Liver Disease (NAFLD) is an emerging epidemic worldwide. It comprehends simple steatosis to escalating 
steatosis with associated fibrosis, cirrhosis, and Hepatocellular Carcinoma (HCC). NAFLD patients are at increased risk of 
liver-related as well as cardiovascular mortality. It seems to have a robust interconnection with visceral adiposity, Insulin Resistance 
(IR), inflammation, and environmental factors. Although the pathogenesis of NAFLD is presumed to be linked to lifestyle patterns, 
nutritional factors, and genetics, the predictor of advancement of this disease spectrum caused by genetics stands imprecise. In 
the past decade, multiple genome-wide associations and large candidate gene studies have recognised the contribution of several 
genetic polymorphisms in regulating hepatic lipid metabolism, thus influencing NAFLD establishment and progression. Recent 
understanding of the genetic underpinning of NAFLD explains the involvement of several common naturally occurring variants in 
PNPLA3, TM6SF2, MBOAT7, GCKR, LYPLAL1 and PPP1R3B genes in the evolution of the disease. The genetic landscape may play 
a role to appraise the risk stratification and ascertaining the potential therapeutic target in NAFLD patients. The perspective of this 
review was to emphasise the genetic basis of the NAFLD spectrum, which modulates the severity and progression of the disease. 

[Table/Fig-1]: Major gene variants associated with NAFLD [11,12].
VLDL: Very low density lipoprotein; IR: Insulin resistance

PNPLA3
There is considerable development of technologies to establish 
various genetic polymorphisms elaborated in the evolution of 
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hepatic fat content, independent of adiposity or IR [23]. Hence, 
futuristic therapies associated with PNPLA3 are definitely significant 
to contemplate.

Transmembrane 6 superfamily Member 2 (TM6sF2)
NAFLD is a complex disease in which genetic variants and 
environmental factors interact to determine the disease phenotype. In 
simpler words, this benign pathological process is highly associated 
with genetic susceptibility. Transmembrane 6 superfamily member 
2 (TM6SF2), another membrane protein located in Golgi, appears 
to be a potential genetic modifier associated with the development 
of NAFLD [24]. Pertaining to its polymorphism, the E167K mutation 
increases the risk of NAFLD by determining the compartmentalisation 
of lipids within the intracellular droplet. A recent exome-wide 
association study could identify a prospective association between 
TM6SF2 polymorphism and hepatic TG accumulation [25]. Apart 
from this, a few functional studies also confirmed the crucial role of 
TM6SF2 (E 167K variant) in VLDL secretion [26,27]. Thus, briefly, 
it is speculated that the TM6SF2 E167K variant results in an 
enhancement of hepatic TG by lowering VLDL secretion, and also it 
is verified to be associated with the illustration of other lipid-related 
genes (PNPLA3, ACSS2, and others) [26]. Yet the exact mechanism 
remains to be determined. Intriguingly, the connection between 
the TM6SF2 E167K variant and hepatic TG is unconnected to the 
outcome of the PNPLA3 I148M variant [28].

In the light of these findings, various studies have explored the 
significant association between genetic variation in transmembrane 
2 and histological disease severity in NAFLD [29-31]. Hepatic fat 
content in the analysed patients was significantly higher in TM6SF2 
carriers. Sookoian S et al., perceived a significant association 
between TM6SF2 and the degree of hepatic steatosis [32]. In 
agreement with the above study, one more study conducted on 
NAFLD patients of different stages documented the association 
between TM6SF2 variant and the risk of steatosis [29]. Earlier, a link 
between TM6SF2 genetic variant and the severity of steatosis had 
already been established [24]. Several other studies also explored the 
above genetic association with the severity of the histological form 
of NAFLD [29,33]. Based on available findings, the TM6SF2 E167K 
variant also gives out to high susceptibility to NAFLD-related HCC 
without the association of risk factors like age, gender, and diabetes 
[32]. Moreover, a strong interplay between TM6SF2 and increased 
risk of NAFLD and decreased risk of cardiac disease remains to be 
determined. Thus, a better understanding of the biological function 
of this enigmatic protein will facilitate a therapeutic and preventive 
strategy for NAFLD in high-risk populations.

MBOAT7
A multispanning transmembrane protein, Membrane-Bound 
O-Acyltransferase Domain containing 7 (MBOAT7) documented 
to be one among the genes associated with NAFLD, encodes 
Lysophosphatidylinositol Acyltransferase 1 (LPIAT1) [34]. It catalyses 
the transfer of PUFA arachidonyl CoA to lysophosphatidyl inositol, 
thus helping in the remodelling and desaturation of 2nd acyl chain 
of phospholipid [34]. It is acknowledged that MBOAT7 has been 
attested to human hepatocytes, sinusoidal endothelial cells, and 
HSCs [35]. Notably, it acts as an effectual stimulator for hepatic 
inflammation and fibrosis owing to its reformation to eicosanoids 
[36]. The recognised human risk variant MBOAT7 rs641738T is 
of great interest because of its association with NAFLD [37-40]. 
Furthermore, it has been documented that loss of hepatic MBOAT7 
might lead to liver fibrosis [41]. Though several lines of evidence 
denote histopathological correlations, still the mechanism by 
which the rs64138T variant ushers to NAFLD development and 
hepatic fibrosis, is not extensively appreciated. Functional studies 

the disease. Several lines of evidence suggest that patatin-like 
phospholipase domain-containing protein 3 (PNPLA-3, also known 
as adiponutrin) is a robust genetic determinant of NAFLD [12]. In 
2008, the earliest evidence of PNPLA3 being connected to fatty 
liver conditions was published by GWAS of Hispanic, African, and 
European American individuals [13]. Subsequently, multiple genetic 
studies have revealed the association of the PNPLA3 protein isoform 
148M variant with a wide spectrum of chronic liver disorders like 
steatosis, inflammation, fibrosis, and even HCC [Table/Fig-2] [13-16]. 

[Table/Fig-2]: PNPLA3 linked to wide range of chronic liver diseases [13-16].

Genetic influence of PnPLa3 in the pathogenesis of naFLD: 
The magnitude of the genetic influence of PNPLA3 on liver-related 
outcomes is noteworthy, but still, the underlying pathogenic 
mechanisms stand elusive. PNPLA3 is located within Hepatocytes 
and Stellate Cells (HSCs). Its contribution to remodelling lipid droplets 
is significant. Within hepatocytes, recombinant human PNPLA3 
protein isoform 148M binds to lipid droplets. It can hydrolyse 
Triglycerides (TG) owing to TG lipase activity [17]. Apart from this, 
it also can facilitate the transfer of Polyunsaturated Fatty Acids 
(PUFA) from triacyl glycerol and diacylglycerol to phosphocholine 
[18]. Incidentally, withholding PUFA of TG in the liver due to lower 
outflow of PUFA into Very Low-Density Lipoprotein (VLDL) TG may 
alleviate cardiac diseases in PNPAL3 (148M) carriers [18]. PNPLA3 
proliferates the fatty load of the liver. However, it is not yet validated to 
bring on IR [19]. Thus, a beneficial effect of genetic profile may likely 
be associated with a deleterious consequence on the other part. As 
mentioned earlier, human PLPA3 is also expressed in HSCs. Within 
stellate cells, PNPLA3 is regulated by TGF-β to release retinol from 
retinyl esters. Overexpression of PNPLA3 (148M) leads to HSCs 
proliferation and chemotaxis. Previous research suggests that c-Jun 
N-terminal kinase (JNK) is activated to a great extent in PNPLA3 
(148M) HSCs and subsequently Peroxisome Proliferator-Activated 
Receptor protein 1 (PPARγ), a prime HSC quiescence regulator, is 
inhibited, which adversely controls Liver X Receptor alpha activity 
(LXRα) [20].

Taken together, these changes might promote cholesterol 
assemblage in HSCs, which might give rise to fibrogenesis. Hence, 
PNPLA3 (148M) variants assemblage reorients lipid composition in 
hepatocytes as well as stellate cells. Taking this into consideration, 
a therapeutic perspective could be considered, which would 
directly focus on 148M variants. In a knock-in-mouse (altered 
gene sequence) model study, PNPLA3 silencing with an Antisense 
Oligonucleotide (ASO) improves steatohepatitis with remarkable 
development in the fibrosis stage [21]. Thus, diminishing the mutant 
PNPLA3 protein would be pertinent from a customised medicine 
point of view. Further, this study imparts confirmation that PNPLA3 
ASO therapy could definitely surpass many hallmark features of 
NAFLD by repressing the quintessential genetic menace of PNPLA3. 
It is noteworthy to mention the association of the PNPLA3 genotype 
with lifestyle intervention. In an ultrasound-based prospective 
study, it was documented that with stringent calorie restriction, the 
homozygous 148M/M had a greater reduction of hepatic steatosis 
compared to 148I/I [22]. Another experiment by Gavril OI et al., 
proved that PNPLA3 polymorphism was closely connected with 
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line up to interpret the process through which genetic variations 
influence the outcome of fatty liver disease [40-43]. Luukkonen 
PK et al., observed reduced levels of MBOAT7 protein in the liver 
and hepatic remodelling in carriers of rs641738T [40]. Mancina 
RM et al., confirmed the association of rs641738 variant with 
steatosis severity of NAFLD in European descent [38]. Furthermore, 
it has been established that MBOAT7 is linked to IR as MBOAT7 
suppression is observed during obesity, which prompts NAFLD 
[42]. Another piece of evidence by Sookoian S et al., corroborates 
the finding that MBOAT7 is down-regulated in NAFLD patients even 
independently of the presence of the rs641738 polymorphism [43]. 
Notably, the causative role of MBOAT7 has been further confirmed 
by Meroni M et al., who illustrated hepatic fat accumulation by 
acute silencing of hepatic MBOAT7 [35]. 

GCKR
Considering the differences in the genetic background of NAFLD 
patients, it is essential to recognise the association between gene 
polymorphisms and the progression of NAFLD. Glucokinase 
Regulatory protein (GCKR) gene polymorphism seems to be 
an important validated risk gene in the development of NAFLD 
[44]. GCKR codes for glucokinase regulatory protein which gets 
attached to the phosphorylating glucokinase enzyme that controls 
hepatic glucose metabolism and lipogenesis [45]. Several GWAS 
ventured to interpret the involvement of GCKR gene polymorphism 
in predisposition to NAFLD. But the results have been inconsistent 
and contentious [46-49]. GWAS by Speliotes EK et al., reported 
a strong association between GCKR rs 780094 and NAFLD risk 
[46]. The study by Tan HL et al., was in complete agreement with 
the above result showing a similar significant genetic association 
[47]. Conversely, several community-based studies could find no 
such strong linkage, which aims toward the need for additional 
assessment [48,49]. Accumulated studies also focus to decode 
the congruity between GCKR rs 1260326 with the risk of NAFLD. 
The meta-analysis by Li J et al., suggested a significant association 
between GCKR rs 1260326 and increased risk of NAFLD [50]. 
These contemporary results furnish an inventive perception of 
GCKR function which possibly helps in leading the focus for 
further studies.

PPP1R3B
The genetic variants in protein modulating hepatocellular lipid 
handling function as a prognostic factor. GWAS could identify 
another genetic locus PPP1R3B (Protein phosphatase 1 regulatory 

subunit 3B), which has been documented to be associated with 
hepatic fat content [51]. PPP1R3B encodes a protein that promotes 
hepatic glycogen synthesis. Furthermore, it has been hypothesised 
that rs4240624 variant is related to reduced hepatic fat content and 
increased glycogen content [52]. Even with few contrasting data, 
work by Dongiovanni P et al., provide convincing support for the 
fact that PPP1R3B protects against hepatic fat accumulation [52].

Increased hepatic glycogen content has prompted the likelihood of 
shunting glucose from glycolysis to glycogenesis. It could also be 
speculated that there will be suppression of de novo lipogenesis. 
Notably reduced glycolysis and lipid oxidation might lead to reduced 
activation of the inflammatory and fibrogenic pathways [52]. 
Stender S et al., noted the association of PPP1R3B with a benign 
form of hepatic steatosis, which was consistent with the notion 
that it promotes a mild form of hepatic glycogenesis [51]. Overall, 
in addition to raised calorie intake, genetic and epigenetic liability 
promotes the development of NAFLD [53]. Further clinical research 
might recommend enlightenment on the involvement of specific 
Single Nucleotide Polymorphisms (SNPs) in the progression of 
NAFLD. Interpreting the connection between fatty liver and changes 
in circulating lipid metabolite is useful in achieving new possibilities 
for the treatment and prevention of this complex disease.

LYPLAL1
The metabolic association profile of genotype highlights the 
heterogeneity of molecular pathways associated with fatty liver. In the 
last few years, GWAS has come up with convincing evidence about 
the genetic variant association of NAFLD. Lysophospholipase-like 1 
(LYPLAL1) is one of the few important genetic sequence variants, 
which contribute to the pathogenesis of NAFLD [54]. LYPLAL1 
protein, linked to the human body’s fat distribution, might act as 
TG lipase in adipose tissues. The relevance of SNP LYPLAL1 has 
been identified in multiple ethnic groups by recent GWAS [54,55]. 
Among these variants, the function of LYPLAL1 rs12137855-C is 
documented to be linked to Computed Tomography (CT)-defined 
steatosis and biopsy-evinced NAFLD in end-stage fibrosis patients 
in candidate gene resequencing strategy [56] Multivariable analysis 
in the East Asian population confirmed that the metabolic effects of 
LYPLAL1 rs12137855-C were similar but statistically less robust, 
which could be attributed to the limited sample size [55]. Definitely, 
research to a greater extent on this point is imperative hereafter. 
Findings in previous studies are tabulated in [Table/Fig-3] [15,17-19, 
21-23,25-27,29-31,37-45,47-52,54-55].

Genetic variants author ref. no. Country and year of study Findings of study 

PNPLA3

Gavril OI et al., [23] Romania, 2021 no correlation between PNPLA3 and NAFLD type 2 DM

Luukkonen PK et al., [18] Finland, 2019 Remodels liver triglyceride in a polyunsaturated direction 

Basu Ray S et al., [17] USA, 2019 Accumulation of PNPLA3 on hepatic lipid droplet

Franko A et al., [19] Germany, 2018 No impairment in insulin sensitivity in PNPLA3 carrier

Linden D et al., [21] Sweden, 2019 PNPLA3 silencing ameliorates Nonalcoholic Steatohepatitis (NASH) and fibrosis

Krawczyk M et al., [22] Germany, 2016 Effect of calorie restriction on liver phenotype

Shen J et al., [15] Hong Kong, 2015 PNPLA3 genotype confers a higher risk of NAFLD

TM6SF2

Kozlitina J et al., [25] USA, 2014 Impaired TM6SF2 activity contributes to impaired VLDL secretion and NAFLD

Krawczyk M et al., [37] Germany, 2017 Modulate hepatic fat accumulation which influences NAFLD severity

Wang X et al., [30] China, 2015 Increased NAFLD risk in Chinese population independent of other genetic factors

Zhou Y et al., [31] Finland, 2015 Lowering of circulating triglyceride

Mahdessian H et al., [26] Sweden, 2014 Regulator of liver fat metabolism with opposing effect on the secretion of triglyceride-
rich lipoprotein

Holmen OL et al., [27] Norway, 2014 Effect on total cholesterol level

Liu YL et al., [29] UK, 2014 Influence hepatic fibrosis progression

MBOAT 7

Mancina RM et al., [38] Sweden, 2016 Association with NAFLD and steatosis severity in European descent

Di Sessa A et al., [39] Italy, 2018 Pediatric association with markers of liver fibrosis 

Sookoian S et al., [43] Argentina, 2018 Down-regulation of genetic factor in NAFLD

Thangapandi VR et al., [41] Germany, 2021 Deficiency leads to liver fibrosis via lipid signalling

Helsley RN et al., [42] USA, 2019 Link with Insulin Resistance (IR) that prompts NAFLD

Luukkonen PK et al., [40] Finland, 2016 Increases severity by altering hepatic phosphatidyl inositol
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CONCLUsION(s)
Strikingly in recent years, genetic association studies have accentuated 
the role of genetic components as general modulators of NAFLD 
and increasing evidence supports the role of SNPs in the risk and 
development of NAFLD. Genetic factors associated with lipid biology 
(PNPLA3, TM6SF2, MBOAT7, GCKR, PPP1R3B, and LYPLAL1) may 
impact disease development and progression. Though the exact 
pathogenesis is not yet clarified completely, increasing evidence 
supports the complex interplay between the individual and cumulative 
contributions of identified genes. Forthwith, genetics is a domain of 
considerable interest as it could anticipate new insights into therapeutic 
targets and non-invasive biomarkers. Definite and detailed genetic 
expertise attained with explanatory techniques should enable the 
medical fraternity to strengthen precision medicine with reference 
to NAFLD. Thus, it may be considered as part of the forthcoming 
customised management strategy, which is an absolute necessity.
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